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Metallic glasses are excellent candidates for biomedical implant applications due to their inherent strength and corrosion resistance.
Use of metallic glasses in structural applications is limited, however, because bulk dimensions are challenging to achieve. Glass-
forming ability (GFA) varies strongly with alloy composition and becomes more difficult to predict as the number of chemical
species in a system increases. Here we present a theoretical model — implemented in the AFLOW framework — for predicting
GFA based on the competition between crystalline phases, and apply it to biologically relevant binary and ternary systems.
Elastic properties are estimated based on the rule of mixtures for alloy systems that are predicted to be bulk glass-formers.
Focusing on Ca- and Mg-based systems for use in biodegradable orthopedic support applications, we suggest alloys in the
AgCaMg and AgMgZn families for further study; and alloys based on the compositions: Ag0.33Mg0.67, Cu0.5Mg0.5, Cu0.37Mg0.63
and Cu0.25Mg0.5Zn0.25.
Metallic glasses demonstrate greater strength and cor-
rosion resistance than their crystalline counterparts, and
are therefore highly sought-after materials for a variety
of applications, such as precision gears, sporting goods,
and medical devices [1–5]. These properties are of par-
ticular importance for biomedical implant applications —
as implant materials must maintain function and biocom-
patibility in a chemically and mechanically complex phys-
iological environment. For example, stainless steel, which
is well-known for strength, corrosion resistance, and bio-
compatibility, is commonly used in implantable devices
(e.g. vascular stents, pacemakers, and total joint replace-
ments) [6]. Materials-related failure of these devices, how-
ever, does occur and can necessitate a revision surgery. In
particular, structural support implants are plagued by fa-
tigue and stress corrosion cracking, despite optimization
of the steel by alloying and surface treatments [6]. Ions
are released during corrosion and structural failure, which
can lead to allergic reaction, metallosis, or toxicity.
For applications where only temporary support is re-
quired, such as bone plates and coronary stents, an in-
tentionally degradable material can be used; this reduces
the occurrence of implant removal surgeries and elimi-
nates concern over long-term embedding of a foreign ob-
ject. Mg-based alloys are considered for orthopedic appli-
cations: densities and mechanical properties are similar
to bone, and Mg is an essential nutrient for humans that
is active in bone development [7]. Despite favorable char-
acteristics and intense study over the last two decades
[8–12], Mg-based alloys are still not in wide-spread clin-
ical use because they often degrade too quickly forming
hydrogen gas. When the rate is too high, bubbles can in-
terfere with tissue healing [13–16], block the blood stream,
or cause alkaline poisoning [13, 15].
Alternative to traditional metallurgical approaches —
alloying and heat treating — strength and corrosion re-
sistance can be improved for a material by forming an
amorphous structure. Since glasses lack grain boundaries
and dislocations, galvanic couples are reduced and slip
planes are eliminated. Ion diffusion may also be retarded
by elimination of structural defects, enhancing corrosion
resistance. Many studies indicate that metallic glasses
have higher yield strength than their crystalline counter-
parts, and the yield strength increases with the glass tran-
sition temperature [17]. Fe-based metallic glasses have
been shown to passivate/repassivate quickly in aqueous
solutions and have high resistance to pitting, potentially
retarding stress corrosion cracking [18]. No hydrogen evo-
lution could be clinically observed for a MgZnCa metallic
glass studied for biomedical implant purposes [19]. Elim-
ination of structural defects, however, can be problem-
atic for support applications because plastic deformation
cannot occur. Many metallic glasses have been shown to
undergo brittle fracture [17], and increasing ductility is
currently an active research area [20, 21].
Discovery of new metallic glass-forming systems has
also been vigorously pursued over the past few decades.
The empirical rules devised by Inoue [22] have been heav-
ily relied upon for experimental discovery. Further guid-
ance is needed: recent works estimate that there are ∼3
million potential binary, ternary, and quaternary bulk
metallic glasses based on empirical rules [23], and that
it could take up to a decade to search the ternary space
of the 30 common elements with high-throughput combi-
natorial experimentation [24]. Physical models for glass-
forming ability (GFA) have been suggested [25–28], yet no
complete, robust theory exists. Recently, the concept of
structural confusion during cooling advanced by Greer in
1993 [29] has been explored computationally by Perim et
al. [30] with reasonable success. A glass-forming descrip-
tor was devised based on similarity between the formation
enthalpies of compounds available in a given system (sim-
ilar probability of occurrence) and between their crystal
structures (large differences creating confusion). The de-
scriptor was successfully applied to the AFLOW.org repos-
itory [31–33] of first-principles calculations of binary al-
loys. Extension to higher-order systems, however, is not
trivial. Glass-forming ability is expected to increase with
the number of species in a system because the configu-
ration space grows [28], but this is not always the case
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2[26, 27]. Since the GFA of a glass directly relates to the
critical dimensions of a glassy alloy, it is of great techno-
logical interest to predict materials with high GFA for use
in applications where bulk dimensions are required.
Here, we define and compute the GFA for binary and
ternary alloy systems of interest for biomedical implant
applications, extending the concept of structural frustra-
tion [29] and the approach of Perim et al. [30]. In the
remainder of this article, we describe the formalism for
the prediction of GFA and validate the approach against
known bulk glass-forming systems found in the litera-
ture. We then present predictions for glass-formation
in biologically relevant alloy systems and estimate their
elastic properties based on the rule of mixtures. Finally,
we recommend alloys for use in orthopedic support
applications.
Calculation of glass-forming ability. The calculation
of GFA is based on the formalism described in Ref. [30],
in which all of the metastable structures available at a
given stoichiometry vector {X} are compared to a refer-
ence state — the structure with the lowest enthalpy of
formation at {X}. An average structural similarity be-
tween metastable structures is also considered. Individ-
ual structures are represented by a vector ψi of the local
atomic environments (AE) [34] calculated for each unique
atom. The AE of an atom is defined as the polyhedron
formed by the atoms within the maximum gap in the ra-
dial distribution function. Functions describing the sim-
ilarity between the structures f(|ψi〉), similarity between
the formation enthalpies of a metastable structure and the
reference state g(Hi), and sampling are combined as:
χGFA ({X}) =
∑
i
f(|ψi〉)g(Hi)
# structures
. (1)
This works well as a first-order approximation for binary
systems. Here it is further developed to include contribu-
tions from local variations in stoichiometry, and the chem-
ical identity of the central atom in each AE. The reference
state is also more accurately described by calculating the
convex hull for each system using AFLOW-CHULL [35].
In Perim et al. [30], only the competition between
structures with the same stoichiometry was considered.
In real systems, however, local variations in composition
allow for structures with different stoichiometries to par-
ticipate in the competition. Here, these structures are
included as linear combinations of database structures ψi
with stoichiometry xi. A combination is designated as
pseudostructure φl. Coefficients bl,i are assigned to bal-
ance the local stoichiometries, xi, with the global stoi-
chiometry, Xl: ∑
i
bl,ixi = Xl. (2)
The concept is depicted in Fig. 1.
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FIG. 1. Schematic of contributions to the GFA. Struc-
tures are represented as circles: black are at the global stoi-
chiometry, blue are at other stoichiometries, and green high-
light contributing pairs and triplets. In the ternary schematic,
|φgs〉 is located directly beneath |φ1〉. The cutoff energy for
including structures in the analysis is based on a typical glass
formation temperature (Tg). The weight of each contribut-
ing pair (triplet) is taken from a Gaussian distribution. The
reference state is defined by the convex hull.
As in Ref. [30], the ψi are comprised of sets of AE
calculated for each unique atom. Each AEα carries a co-
efficient, which indicates the relative amount of the AE
present in ψi. Here, information about the amount of ψi
present in pseudostructure φl is also included in the coeffi-
cient, designated as cl,α. Mathematically, the combination
is written as:
|φl〉 =
∑
α
cl,α |AEα〉 , 〈AEα|AEβ〉 = δαβ ,
∑
α
c2l,α = 1, cl,α =
∑
i
bl,iNi,α√∑
α
(
∑
i
bl,iNi,α)2
,
(3)
3where δαβ is the Kronecker δ, and Ni,α is the number of
times AEα occurs in ψi. Linear combinations of pairs and
triplets are created for binary and ternary alloy systems,
respectively. At {X}, the convex hull defines the ground
state, which may consist of one or more structures (de-
composition products). Therefore, it is represented as a
pseudostructure, φgs, and defined in the same way as Eqn.
(3).
The similarity between two pseudostructures, φl and
φm, is quantified by the scalar product:
〈φl|φm〉 =
∑
αβ
〈AEα| cl,αcm,β |AEβ〉 =
∑
α
cl,αcm,α. (4)
The chemical identity of the central atom in each AE is
retained, and only environments for the same chemical
species are compared. The overall comparison is a linear
combination of the individual comparisons:
〈φl|φm〉 =
∑
j
〈φl|φm〉j nj , (5)
where nj are fractions of each species at {X}.
The function which describes the structural similarity
between a metastable state, φl, and the ground state, φ
gs,
is constructed to be a maximum when the pseudostruc-
tures have no AEs in common and zero when they are
equivalent:
f(|φl〉) = |1− 〈φl|φgs〉 |wl, (6)
where wl is the weight of each pair (triplet) contributing
to the GFA. They follow a Gaussian distribution based on
the dimensionless difference between the local and global
stoichiometries, ri:
ri = |xi−Xl|, Rl =
∑
i
ribl,i, wl = exp
(−R2l
2σ2R
)
, (7)
and σR is a fitting factor set to 0.1. The structural sim-
ilarity amongst pairs (triplets) of metastable states con-
tributes as a weighted average:
ss =
∑
lm
(1− 〈φl|φm〉)wlwm∑
lm
. (8)
The GFA computed for each stoichiometry of a given
alloy system is normalized by the sum of the weights of
each contribution,
∑
l
wl.
The enthalpy proximity between a metastable state and
the ground state is calculated by
g(Hl) = exp
(− |Hl −Hgs|
kBTroom
)
, (9)
where Hl is the formation enthalpy per atom of a pseu-
dostructure, Hgs is the formation enthalpy per atom of the
ground state, kB is the Boltzmann constant, and Troom is
room temperature.
Finally, the overall GFA at each global stoichiometry
{X} is calculated as:
χGFA ({X}) =
100ss2
∑
l
f(|φl〉)g(Hl)∑
l
wl
, (10)
where 100 is an arbitrary scaling factor.
First-principles calculations of alloy prototypes.
The crystal structures and enthalpies of formation of the
alloys are taken from the AFLOW.org repository [31–33].
The original calculations were performed systematically
using the AFLOW computational materials design frame-
work [36–38], with the AFLOW standard settings [39].
These include density functional theory as implemented
in VASP [40, 41], the GGA-PBE exchange-correlation
functional [42], PAW potentials [43, 44], at least 6,000
k-points per reciprocal atom, and a plane-wave cutoff of
at least 1.4 times the largest recommended value for the
VASP potentials of the constituents. The input crystal
structures were built from the AFLOW library of common
prototypes [45, 46].
Model validation. The GFA predictions made with the
current model are shown in Fig. 2 for five binary alloy
systems known to form bulk metallic glasses. The compo-
sitions where glasses have been produced with a critical
diameter of greater than 1 mm [47–54] are also marked. In
all cases, GFA greater than 1/3 of the system maximum is
predicted at or near the experimentally determined bulk
glass-forming compositions. The predictions made using
the method of Perim et al. [30] are shown for comparison,
where peaks are often found at or near the experimen-
tal compositions. In some instances, there is a signifi-
cant difference between the GFA predicted using the two
computational methods which can be attributed to the
change in reference state. These are highlighted in Fig.
3 for AlCa and PdSi. At each highlighted composition a
large peak is predicted by the method in Ref. [30], which
uses the structure with the lowest enthalpy of formation
at a given stoichiometry for the reference state. Because
the convex hull calculation indicates a phase separation
at these compositions, using it to find the reference state
reduces the predicted GFA. Other improvements to the
predictions can be attributed to including contributions
from local off-stoichiometry clusters, and to a lesser ex-
tent, changes in the comparison of the AEs. The precision
of the calculation is also increased by using the current
model, since the GFA can be calculated at compositions
where no structures are available in the database.
GFA predictions for the known bulk glass-forming
systems — AlCuZr [55–58], AlNiZr [59, 67], CaCuMg
[60, 61], CaMgZn [62–64], and CuMgY [65, 66] — are
shown in Fig. 4. To reduce calculation time, a cutoff
4exp.             Perim et al. this work
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FIG. 2. GFA predictions for known bulk binary glass-
forming alloys. The GFA predictions for AlCa, CuHf, CuZr,
NbNi, and PdSi are shown as green solid lines, and compared to
predictions using the method of Perim et al. [30] (blue dashed
lines) and the GFA determined experimentally (grey bars). For
the predictions, the scale is relative to the maximum GFA of
the system. For the experiments, a bar indicates that a bulk
alloy (critical diameter > 1 mm) was formed. Experimental
data was taken from [47] for AlCa, [48, 49] for CuHf, [48, 50, 51]
for CuZr, [52, 53] for NbNi, and [54] for PdSi.
Al Ca
Pd Si
FIG. 3. Convex hull plots for known bulk glass-forming
alloys. Structures and energies are from the AFLOW.org
repository [31–33]. Red ovals indicate compositions where us-
ing the convex hull to find the reference state for the GFA cal-
culations made a significant difference in the predicted GFA.
of ri = 3σR is imposed for including a pseudostructure
in the GFA calculation. Testing was performed for the
CaCuMg, CaMgZn, and CuMgY systems, which indicates
an insignificant effect on the predictions. A maximum
GFA of at least 4 is predicted for all five systems where
bulk alloys have been produced, consistent with the
results for binary alloy systems (Fig. 2). Regions
where bulk glasses have been produced tend to be near
compositions where high GFA is predicted, and additional
compositions may be possible (Fig. 4). Experimentally,
regions of potential bulk-glass formation in the AlNiZr
system have been predicted by evaluating the supercooled
liquid [67] and are outlined in purple. Reports emphasize
that GFA changes rapidly with composition [65], and
as little as 1% change in composition could change a
result from amorphous to crystalline [55]. Therefore, it
is important to comprehensively search the phase space.
A broad search is performed computationally, and high
GFA compositions far from experimentally confirmed
glasses are predicted. These compositions offer a guide
for experimentalists, but are limited in precision due to
the sampling grid and available crystal structures.
Calculation of elastic properties. The elastic proper-
ties of metallic glasses have been extensively reviewed and
can be estimated from the rule of mixtures [68, 69]. Here
the following equation is used:
M−1 =
∑
j
fjM
−1
j , (11)
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FIG. 4. GFA predictions for bulk ternary glass-forming alloys. The GFA predictions for CaCuMg, AlCuZr, AlNiZr,
CaMgZn, CuMgY, and CuMgZn systems are shown as circles and approximate regions where bulk glasses have been produced
are enclosed in grey shapes [55–66]. The purple shapes in the AlNiZr plot indicate regions of potential bulk glass-formation based
on evaluation of the supercooled liquid [67].
where M is the elastic constant of the system, and fj and
Mj are the molar fraction and elastic constant of the com-
ponent elements in bulk form. The elastic properties for
the elements are taken from Ref. [70]. This method gen-
erally under-predicts the bulk modulus and over-predicts
the shear modulus, K and G, respectively. Performing a
linear regression on data for the 18 binary and ternary
systems available in Ref. [68] which are relevant to the
current study gives the equations:
Kmeasured = 1.12Kmixing − 4.68, R2 = 0.97 (12)
Gmeasured = 0.80Gmixing + 2.92, R
2 = 0.93 (13)
Poisson’s ratio (ν) can be used to assess brittle vs. duc-
tile behavior, as metallic glasses with ν < 0.34 tend to
exhibit brittle behavior [68, 69]. Since metallic glasses are
macroscopically isotropic, Poisson’s ratio is calculated as:
νcalc =
3K − 2G
2(3K +G)
(14)
Using the Kmeasured and Gmeasured calculated from Eqns.
(12) and (13) in Eqn. (14) correlates well with the mea-
sured Poisson’s ratios reported in Ref. [68]:
νmeasured = 1.10νcalc − 0.04, R2 = 0.80 (15)
Another commonly applied indicator of brittle vs. ductile
behavior, the Pugh’s modulus ratio (G/K), is less reliably
predicted from Eqns. (11-13). The Young’s modulus (E)
correlates with fracture strength (σf) as σf=E/50, and E
is calculated as E = 2.61G [68].
Application to biologically relevant systems. The
GFA for binary combinations of macronutrient metals (Ca,
Mg), trace metals in the human body (Ba, Be, Co, Cr,
Cu, Fe, Li, Mn, Mo, Ni, Sr, Zn, W), and antibacterial
Ag [4, 6, 71] is calculated. Sampling for these binary sys-
tems ranges from 134 to 910 converged crystal structures.
Upon removal of duplicates (one converged structure is
equivalent to another converged structure [72, 73]), struc-
tures with formation enthalpy greater than 0.05 eV (∼600
K, a typical critical temperature for glass formation), and
structures for which AEs could not be determined; 4 to 567
structures remain for each system for calculation of the
GFA. Finally, systems with less than 20 remaining struc-
tures are considered to have insufficient sampling and re-
moved from the analysis. This leaves 55 systems, of which
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FIG. 5. GFA predictions for biologically relevant binary alloy systems. The system maximum (a) and sum of GFA
(b). The known bulk glass-forming systems (enclosed in grey rectangles) and systems relevant to the ternary validation systems
are shown for comparison.
49 have a maximum GFA > 4 (the smallest maximum for
known binary bulk glass-forming systems) and 21 have a
maximum GFA > 10 (the largest maximum for the known
binary bulk glass-forming systems). The maximum GFA
and the composition at which it occurs for these systems
is shown in Fig. 5. Metallic glasses have been produced
experimentally for ten of them — AgCa [74], CaCu [74],
CaMg [74], CuMg [75], CaZn [74], MgSr [74], MgZn [76],
and SrZn [74].
The ternary system CuMgZn is also studied. Sampling
for the ternary systems ranges from 1276 to 1399 con-
verged crystal structures. Upon removal of duplicates
[72, 73], structures with formation enthalpy greater than
0.05 eV, and structures for which AEs could not be deter-
mined; 399 to 580 structures remain for each system for
calculation of the GFA. The predictions are shown in Fig.
4. CuMgZn has a maximum predicted GFA of 8, therefore
is expected to be a bulk glass-forming system.
Because macronutrient Mg and Ca are known to be
good glass-formers [60–66, 74–76] and these elements are
used by the human body for bone growth and repair [4],
we focus the rest of this discussion on Mg- and Ca- based
alloys for orthopedic applications. GFA peaks greater than
1/3 of the system maximum for Mg-rich and Ca-rich bi-
nary alloys are presented in Table I. The Young’s moduli
and Poisson’s ratios for these alloy systems are plotted in
Fig. 6, and the Young’s moduli and Poisson’s ratios for the
best glass-forming compositions of the relevant ternary al-
loy systems — CaCuMg, CaMgZn, and CuMgZn — are
given in Table II.
Many of the glasses presented in Tables I and II will be
strong enough for orthopedic applications, as the Young’s
modulus of bone ranges from 3 to 30 GPa [11]. Most of
these, however, are predicted to be brittle. This is not
surprising, considering that the Poisson’s ratio of pure el-
emental Ca is 0.31 and Mg is 0.29 [70]; and many of the
Ca- and Mg- based metallic glasses studied experimentally
exhibit brittle behavior [77–79]. Moreover, some glasses
have shown bending ductility in ribbon form after produc-
tion, but embrittle at room-temperature after only a few
days or weeks [76, 79]. Researchers have suggested alloy-
ing with elements that minimize charge transfer [78, 79] to
increase ductility and elements with higher melting tem-
peratures to increase stability [79]. We suggest alloys with
high predicted Poisson’s ratios.
Following the analyses of GFA and elastic properties,
Ag0.37Mg0.63, Ag0.33Mg0.67, Cu0.5Mg0.5, Cu0.37Mg0.63,
Cu0.33Mg0.67, and Cu0.25Mg0.5Zn0.25 alloys are predicted
to have high GFA, strength, and ductility. Therefore
these alloys are recommended for further consideration as
biomedical implant materials for orthopedic applications.
Additional ternary systems are suggested based on the re-
sults of the binary system GFA calculation and estimation
of elastic properties.
The sum of the predicted GFA values for each of the six
ternary systems included in this study is found to corre-
7TABLE I. Ca and Mg rich peaks in biologically relevant binary systems with a predicted GFA at least 1/3 of the system maximum.
Alloy Relative GFA Alloy Relative GFA
Ag0.33Ca0.67 1 Ca0.57Mg0.43 0.59
AgnCa1−n, 0.05 < n < 0.14 0.33-0.38 Ca0.5Mg0.5 0.73
Ag0.37Mg0.63 0.74 Ca1Sr0 0.58
Ag0.33Mg0.67 1 Ca0.75Sr0.25 0.62
Ag0.25Mg0.75 0.46 Ca0.67Sr0.33 0.44
Ag0.2Mg0.8 0.38 Ca0.57Sr0.43 0.72
AgnMg1−n, 0.05 < n < 0.12 0.34-0.4 Ca0.5Sr0.5 0.72
Ba0.5Ca0.5 1 Ca0.65Zn0.35 0.7
Ba0.44Ca0.56 0.67 Ca0.5Zn0.5 1
Ba0.33Ca0.67 0.68 Cu0.5Mg0.5 1
Ba0.5Mg0.5 0.71 Cu0.37Mg0.63 0.93
Ba0.17Mg0.83 0.49 Cu0.33Mg0.67 0.89
Ca0.88Cu0.12 1 Cu0.25Mg0.75 0.47
Ca0.76Cu0.24 0.58 CunMg1−n, 0 < n < 0.16 0.4-0.54
Ca0.67Cu0.33 0.6 LinMg1−n, 0.33 < n < 0.5 0.41-0.55
Ca0.62Cu0.38 0.69 MgnSr1−n, 0.9 < n < 0.97 0.36-0.42
CanLi1−n, 0.84 < n < 0.9 0.43-0.51 Mg0.83Sr0.17 0.55
Ca0.75Li0.25 0.9 Mg0.5Sr0.5 0.66
Ca0.67Li0.33 1 Mg0.75Zn0.25 0.4
Ca0.5Li0.5 0.84 Mg0.67Zn0.33 1
Ca0.75Mg0.25 0.35 Mg0.5Zn0.5 0.4
Ca0.67Mg0.33 1
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FIG. 6. Elastic properties of biologically relevant bi-
nary alloy systems. The Young’s moduli and Poisson’s ra-
tios for AB binary alloy systems are determined from the linear
regression of experimental data with the rule of mixtures. See
text for details. The grey regions indicate Young’s moduli
greater than bone [11] and the expected region of ductility.
TABLE II. GFA Young’s modulus (E), and Poisson’s ratio (ν)
for CaCuMg, CaMgZn, and CuMgZn compositions where the
GFA is greater than 60% of the system maximum. The Young’s
moduli and Poisson’s ratios are determined from the linear
regression of experimental data with the rule of mixtures. See
text for details.
Alloy GFA E (GPa) ν
Ca0.4Cu0.4Mg0.2 22 36 0.31
Ca0.33Mg0.33Zn0.33 9 37 0.30
Ca0.5Mg0.05Zn0.45 9 33 0.28
Ca0.4Mg0.2Zn0.4 9 36 0.29
Ca0.45Mg0.1Zn0.45 8 35 0.28
Ca0.6Mg0.35Zn0.05 8 28 0.27
Ca0.6Mg0.05Zn0.35 8 30 0.27
Ca0.45Mg0.05Zn0.5 7 35 0.28
Ca0.71Mg0.14Zn0.14 7 27 0.26
Ca0.46Mg0.08Zn0.46 6 35 0.28
Ca0.7Mg0.15Zn0.15 6 27 0.26
Ca0.43Mg0.14Zn0.43 6 35 0.28
Ca0.5Mg0.45Zn0.05 6 30 0.28
Ca0.5Mg0.25Zn0.25 6 31 0.28
Cu0.46Mg0.08Zn0.46 8 92 0.33
Cu0.4Mg0.2Zn0.4 6 79 0.33
Cu0.35Mg0.05Zn0.6 6 94 0.31
Cu0.4Mg0.05Zn0.55 5 95 0.32
Cu0.25Mg0.5Zn0.25 5 59 0.34
late linearly with the sum of the GFA in their component
binary systems. Since the sum of the GFA for a system
comprises the aspects of maximum and breadth, it can
8be used as a rough indicator of potential good higher-
order glass-forming systems. Considering ternary systems
which can be created from the set {Ag, Ba, Be, Ca, Co,
Cr, Cu, Fe, Li, Mg, Mn, Mo, Ni, Sr, Zn, W}, include Ca
and/or Mg, and include only binary pairs with sufficient
sampling and GFA > 4; there are 31 additional potential
glass-forming systems available for further analysis. In-
cluding the six validation systems, the rank of GFA sum
from best to worst is {LiMgSr, BaLiMg, CaLiSr, CaL-
iMg, BaCaLi, BaMgSr, AgCaLi, CaLiZn, AgBaMg, Ba-
CaMg, AgLiMg, CaCuLi, BaMgZn, CuLiMg, BaCaZn,
AgCaZn, LiMgZn, CaLiNi, AgCaMg, MgSrZn, AgMgSr,
AgBaCa, CaMgSr, CaMgZn, CaSrZn, CuMgSr, AgMgZn,
CaCuMg, BaCaSr, AgCaSr, CuMgY, CaCuZn, CaCuSr,
CaNiZn, CuMgZn, AlCuZr, AlNiZr}. The GFA sums for
their component binary systems are given in Fig. 5.
Estimations of Poisson’s ratios indicate that mostly
Ag-rich alloys will fall into the ductile regime, although
some Mg-rich alloys in the AgCaMg and AgMgZn
systems have an estimated Poisson’s ratio greater than
0.33 and Young’s modulus greater than 40 GPa. Some
experimental work has been performed for Ag addition
to Ca- and Mg- based alloys. Partial substitution of
Ag for Cu in Cu0.25Mg0.65Y0.1 increased the GFA [80],
and substitution of 1-3% Ag for Zn in Ca0.04Mg0.66Zn0.3
decreased the GFA but increased the corrosion resistance
[81]. A wide composition range of AgCaMg bulk metallic
glasses have been produced [61, 82]. Based on these
promising theoretical and experimental results, we sug-
gest further exploration of AgCaMg and AgMgZn alloy
systems.
Conclusions. A model to predict the glass-forming
ability (GFA) of binary and ternary alloys systems was
developed based on the competition between crystalline
phases, and implemented in the AFLOW framework.
The model was applied to material systems relevant
for biodegradable orthopedic support implants. Alloys
predicted to have high GFA were further analyzed for
elastic properties based on the rule of mixtures. Alloys
predicted to have high GFA, a Young’s modulus at least as
high as bone, and be ductile based on the Poisson’s ratio
include: Ag0.33Mg0.67, Cu0.5Mg0.5, Cu0.37Mg0.63 and
Cu0.25Mg0.5Zn0.25. Finally, the GFA of binary systems
was correlated with the GFA of ternary systems. Based
on this analysis and the analysis of elastic properties, the
AgCaMg and AgMgZn alloy systems are recommended
for further study.
Data availability. All of the ab-initio alloy data is
freely available to the public as part of the AFLOW online
repository and can be accessed through www.aflow.org
following the REST-API interface [32], and using the
AFLUX search language [83].
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